Congenital heart disease (CHD) is one of the major problems affecting the public health worldwide. CHD not only causes high morbidity and mortality in infants, but also affects the quality of life in the childhood and, later, in the adulthood. The occurrence of congenital malformation of the heart and the large vessels ranges from 3.7 to 17.5 per 1000 live births in the world [1] [2] [3] , accounting for approximately 30-40% of all congenital defects [4, 5] .
Children with a critical cardiac lesion showed high morbidity and mortality during childhood. While many newborns with the cardiac disorder are symptomatic and identified soon after birth, many others are not diagnosed until later. The risk of morbidity and mortality Correspondence to: Jarun Sayasathid, MD. Cardiac Center, Naresuan University Hospital Phitsanulok 65000, Thailand. Email: jsayasathid@hotmail.com increased as the delay in diagnosis and treatment occurred [6] .
The current reports on incidences of the CHD in live births in Thailand were inconsistent. The variation among the reports might be due to a single or combination of the following factors, including methodologies that were used to diagnose the CHD, skills and techniques of the examiners, and ethnic and regional backgrounds of the examinees [7] [8] [9] . Additional factors included problems associated with retrospective studies in which the data on previous medical records, defective registration, lack of congenital malformation registry, lack of coordination between cardiac pediatricians in outpatient and private clinics, and the absence of an autopsy procedure to determine some fatal incidences among the stillborns [1] [2] [3] [7] [8] [9] .
The present study aimed to uncover the prevalence of children with unreported CHD, and allow them to undergo treatment before the diseases would become severe and untreatable. To properly identify the rate of unrecognized CHD, we used a prospective study, specially trained all cardiac examiners, selected the subjects from similar age range (7-12 years old), and classified the data based on regional backgrounds and types of cardiac lesions.
Materials and methods
A prospective study was performed in three provinces in the lower North of Thailand between January 2006 and September 2008, and 144,293 healthy students from 1,041 elementary schools in Tak, Nakhon Sawan, and Uttaradit provinces were included. Students with a history of cardiovascular malformation or cardiac surgery prior to the beginning of the study, rheumatic heart disease, heart arrhythmia without structural cardiac abnormalities, and who were absent from the school on the scrutiny day were excluded from the study.
We used the cardiac investigation procedures as shown in Fig. 1 . The primary screening comprises of physical and cardiovascular examinations on all the subjects to examine the students with potential heart defects, including heart arrhythmia, heart murmur and cyanosis. The primary screening was performed by 457 qualified nurses and health officers. For the effective primary screening, all of the qualified health care professionals were trained and passed the tests for the heart defect diagnosis by pediatric cardiologists with the scores of at least 90%. Following the first screening step, the students with abnormal heart condition were referred to the pediatric cardiologists for complete cardiovascular examination and treatment. The final diagnostic step authenticated the students with the CHD, and identified the different types of congenital heart defects using electrocardiogram, echocardiography, and chest X-ray.
The data were collected and analyzed to determine the prevalence, as well as the correlation between the primary screening and the diagnosis by physician. The prevalence of unrecognized CHD was calculated by the number of students with unrecognized CHD divided by the total number of students who were enrolled in the study. Unrecognized congenital heart disease among children
Results
From 1,041 elementary schools of three southern provinces of northern Thailand, 144,293 students had no history of CHD. Following the primary screening, 851 students (275 from Tak, 492 from Nakhon Sawan, and 82 from Uttaradit) were suspected to have abnormal heart symptoms ( Table 1) . Heart diseases were confirmed by pediatric cardiologists in 98 children, inferring the overall effectiveness of the CHD detection by the primary screening to be 11.5% (14.6% for Tak, 7.3% for Nakhon Sawan, 13.4% for Uttaradit). Yet, 11 students were considered to be non-CHD, because five students had rheumatic mitral regurgitation and six students had heart arrhythmias. Consequently, 11 non-CHD students were excluded from the data analyses, resulting in 87 confirmed cases of unrecognized CHD. The prevalence rate in the lower North of Thailand for the unrecognized CHD was 0.60 per 1000 elementary school-aged students. When classified by the provinces, the prevalence rates of unrecognized CHD in Tak, Nakhon Sawan and Uttaradit were 1.05, 0.45 and 0.41, respectively.
The secondary cardiac investigation processes also defined types of abnormal heart conditions. Table 2 shows type of congenital heart problems detected among students.
The most frequently identified heart defects in this population were ventricular septal defect (VSD) (41.4%), pulmonary stenosis (PS) (16.1%), and patent ductus arteriosus (PDA) (12.6%). Interestingly, VSD, PS, and PDA accounted for 70.1% of the total CHD. VSD accounted for approximately three folds higher than those of the PS and the PDA (2.57-fold for PS, 3.29-fold for PDA).
All the diagnosed CHD students received medical or surgical treatment, depending on the pediatric cardiologists' evaluation. ASD, VSD, PDA, and TOF were given respective priority for cardiac surgery, and the definitive cardiac operation for correction was performed in 51 children (58.6%). All of the students who had heart operation in the study had no complication, and their qualities of life were reported improved after obtaining the treatment. 
Discussion
Several countries reported the CHD incidences among live births to be ranging from three to 17.5 per 1000. Particularly, pre-term infants generally have a prevalence rate two-three times higher than that of term infants [2] . The wide gap between the CHD rates may be attributable to a variety of factors, including genetics, environmental background, and methods and accuracy of the abnormal heart screening. Up to 75% of the children with CHD did not exhibit clinical signs of heart disease until the disease became severe. Hence, many children with CHD are unaware of their cardiovascular abnormality. This is a reason for the significant percentage of severe morbidity and mortality among elementary school students with no clinical symptoms. In contrast, approximately 25% of the cases show clinical symptoms and are treated, albeit the clinical symptoms in 15% of the cases would spontaneously recover within one year without treatment and surgery [6, 10] .
A study in Egypt reported the CHD incidences among school children to be 1.01 per 1,000 students (881 cases in 869,434 students). Similar to the present results ( Table 2 ) and many other studies [6, 11, 12] , the most common cardiac defects were VSD and PS. Further more, studies based on children of Sukhothai and Khon Kaen provinces of Thailand revealed the prevalence rate of CHD to be 1.19 and 0.9 per 1,000 students, respectively [6, 12] . According to these studies, half of the children with CHD showed distinct symptoms, such as exhaustion, retarded growth, and cyanosis.
The present study identified the average prevalence of unrecognized CHD among elementary school students to be 0.6 per 1000 ( Table 1) . The relatively fewer number of diagnosed CHD compared with other studies might be because, unlike other studies, this study only selected the students who reported healthy and had neither history nor complication regarding abnormal cardiac conditions. Hence, the students enrolled in this study indeed represented the healthy students. Meanwhile, the actual incidences of CHD among 7-12 years old children should be higher, depending on the number of students who reported CHD or cardiac symptoms prior to the age of seven years.
The relatively low prevalence of CHD in Nakhon Sawan and Uttaradit, compared with Tak (Table 1) , might be due to the topography of Tak. It is surrounded by the mountains and the province itself has limited medical staffs and facilities. Consequently, the greater prevalence of the students with the CHD might not reflect the greater incidence of the CHD among live births in Tak, but a lack of CHD detection prior to the age of seven.
The gap between the actual number of unrecognized CHD confirmed by the cardiologists and the number referred from the primary screening ( Table 1 ) may be explained by the miscommunication between the health officers and the students leading to the misinterpretation of the innocent cardiac murmur. The skills of the heath care staffs were also necessary. To reduce screening errors, initial relaxation to reduce the students' anxiety was recommended. Moreover, the longer period of staff training and practice will improve competency in CHD screening.
In conclusion, this study demonstrated the capacity of a health care system to discover unrecognized congenital heart defects in children. Comparative studies helped clarifying the distribution of CHD in various parts of Thailand. A better understanding of the distribution of CHD will allow health care planners to focus attention on why an elevated number of cases exist and how to alleviate the problem. In addition, analyses of genetic patterns associated with the greater risk for cardiovascular diseases in population from certain region may be conducted to help elucidating the association between the risk of heart abnormality and the ethnic background.
